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This study investigated a counter-piracy scenario using 
MANA V in conjunction with the data farming process to 
explore options for defending a large vessel, relying 
principally on non-lethal deterrents. 
SCENARIO DESCRIPTION
A generic large unarmed vessel (Blue) is transiting through a 
wide area of water at an economical cruise speed. An agent 
representing a cluster of pirates (Red) then closes in on it. 
Once Blue determines their intent, it attempts to manoeuvre 
away and if required, employs a non-lethal weapon (NLW) 
to disrupt Red. 
The critical assumptions in this scenario concern the rules 
of engagement. Firstly, it is assumed that Blue would not 
employ evasive manoeuvres or a non-lethal weapon until the 
intent of Red was established. Secondly, it is assumed that Red 
would not attack if the targeted vessel  was being escorted by a 
warship. 
KEY MODEL PARAMETERS
The Blue force consisted of a  single vessel with a  simple 
cookie-cutter sensor, a  non-lethal weapon and a reasonably 
high level of inertia (resistance to acceleration). 
 Factor (units) MANA Value
 Cruise Speed (kt) 7
 Manoeuvre Speed (kt) 15
 Determination of intent range (m) 2,000
 NLW range (m) 100
 NLW hit probability 0.2
Table 1: Blue Force base parameters
The non lethal weapon was modelled using the refuel 
parameter in MANA V, noting that Red must first be classified 
before this can be employed.
The Red force utilises fast highly-manoeuvrable attack 
craft, such as skiffs with outboard motors. The following table 
summarises the Red MANA base parameters:
 Factor (units) MANA Value
 Speed (kt) 25
 NLW Speed (kt) 5
 Inertia (unitless) 0.1
 Fuel (unitless) 1000
Table 2: Red Force base parameters
When influenced by Blue’s non-lethal weapon, Red was 
sent into a trigger state in which its speed was reduced to 5 
knots. 
It was assumed that Blue would surrender if Red closed 
to within 10 m – that is, when Red was close enough to board 
them. 
Fuel was used to model Red motivation, with Blue’s 
NLW degrading it with increasing engagement time. When 
the fuel level reached zero, Red was deemed to have run out 
of motivation. This occurred after 15 minutes of engagement 
time.
EXCURSIONS
Team 1 started by fine-tuning a baseline scenario. The Red 
force was fixed to represent three generic enemy vessel cases; 
slower (10 kt), similar speed (15  kt) and faster (25 kt). The 
following parameters and parameter ranges were identified 
as of being of interest:
 Factor (units) Min Max Step
 Blue Manoeuvre Speed (kt) 15 25 5
 Determination of intent range (m) 1,000 10,00
0
1,000
 NLW range (m) 50 300 50
 NLW hit probability 0.2 1 0.2
 NLW effect duration (s) 4 12 2
 Blue Manoeuvre Speed (kt) 15 25 5
Table 3: Data farming parameter ranges
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This resulted in 4,500 distinct simulation models which 
were each run 30 times using a cloud computing cluster 
provided by NTU.
MEASURES OF EFFECTIVENESS
The principle measure of effectiveness used was whether 
Blue reached their goal. A success for Blue was if it could 
out-manoeuvre Red or keep Red at bay with its non-lethal 
weapon until Red ran out of motivation.
METHODLOGY
According to the parameters specified in Table 2, a  gridded 
data farming experiment was conducted using OldMcData. 
The latter is a  software application which was specifically 
designed (by NPS) to perform data farming experiments. 
Moreover, OldMcData has recently been adapted (by NTU 
and DSO) to support cloud computing infrastructures. This 
cloud computing approach enables one to utilise OldMcData 
on any cloud computing compliant clusters (e.g., the 
Amazon Elastic Compute Cloud). This novel approach 
facilitates the use of high performance computing facilities 
and addresses the user’s computing scalability/budget 
issues.
The scenarios were executed on a Singaporean (NTU) 
cloud computer cluster based on the Apache Hadoop 
framework. The results were then analysed using the JMP 
statistical discovery software developed by SAS Institute Inc.
JMP’s partition platform enables users to systematically 
analyse large data sets to discover relationships. JMP uses 
visualisation to create a successive tree of partitions according 
to a  relationship between the X and Y variables. It finds a set 
of cuts or groupings of X values that best predict a Y value by 
exhaustively searching all possible cuts or groupings, 
recursively forming a tree of decision rules until the desired 
fit is reached. 
RESULTS








































































Figure 1: JMP regression tree for Case 1
The regression tree analysis shows that the critical 
parameters (in order) were the non-lethal weapon hit 
probability (NLWHP), non-lethal weapon range (NLWR), 
determination of intent range (DOIR) and non-lethal weapon 
effect duration (NLWED).
A non-lethal weapon effect duration of more than 6 
seconds became critical in the event that Blue had a non-lethal 
weapon with a hit probability of less than 40%, a weapon 
range of less than 100 m and a determination of intent range 
less than 5 km.








































































Figure 2: JMP regression tree for Case 2.1, 
Red speed equal to Blue.
 Figure 3: JMP regression tree for Case 2.2, 
Red speed faster than Blue.
This time the regression tree analysis shows that the 
critical parameters (in order and for both cases 2.1 and 2.2) 
were the non-lethal weapon hit probability (NLWHP), non-
lethal weapon effect duration (NLWED), and non-lethal 
weapon range (NLWR).
The key difference between this and the previous case 
(where Red is slower than Blue) is that increasing the 
determination of intent range (DOIR) did not influence Blue’s 
chance of survival.
Finally, we note that Blue’s chance of survival diminishes 
as the speed of Red increases.
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DISCUSSION
The high inertia of the Blue vessel meant it often failed to 
reach its maximum escape speed after recognising an attack 
was imminent. A better tactic for Blue may therefore be to 
transit at maximum speed the entire time.
This, along with other parameters, could have been 
explored in more detail, however time constraints dictated 
that this be done at a later date. Questions that could be 
explored further include:
• Red motivation: What if Red was willing to continue 
with their attack for longer than 15 minutes?
• Red keep-out range: What if Red was able to get Blue 
to surrender at longer stand-off ranges?
• Initial Blue speed: What if the Blue vessel starts off at 
faster speeds? 
• Blue NLW effect: What if the non-lethal weapon was 
more or less effective at slowing Red down? 
• Blue inertia: What if the Blue vessel was more 
manoeuvrable? 
There was some discussion during the week about the 
MANA V inertia parameter needing to be quantifiable in 
future versions of MANA to be more useful (i.e. that is, have 
physical units associated with it).
CONCLUSION
A long determination of intent range (in this particular 
scenario, greater than 5  km) was only found to be useful in 
the event that Blue had sufficient speed and acceleration to 
out-manoeuvre Red. 
The following general insights into the non-lethal defence 
of a generic large vessel were obtained:
• Use non-lethal weapons that have a high hit 
probability (in this particular scenario, greater than 
40% per shot).
• Use non-lethal weapons that have sufficient range (in 
this particular scenario, 100 m).
• Use a non-lethal weapon that has sufficient effect 
duration (in this particular scenario, greater than 6 
seconds).
Overall, the results provide some interesting insights 
which will inform future analysis.
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